Organic matter processing and opportunities for stream mitigation in an intensively mined West Virginia watershed by Minter, Megan Stephanie
Graduate Theses, Dissertations, and Problem Reports 
2009 
Organic matter processing and opportunities for stream 
mitigation in an intensively mined West Virginia watershed 
Megan Stephanie Minter 
West Virginia University 
Follow this and additional works at: https://researchrepository.wvu.edu/etd 
Recommended Citation 
Minter, Megan Stephanie, "Organic matter processing and opportunities for stream mitigation in an 
intensively mined West Virginia watershed" (2009). Graduate Theses, Dissertations, and Problem Reports. 
2822. 
https://researchrepository.wvu.edu/etd/2822 
This Thesis is protected by copyright and/or related rights. It has been brought to you by the The Research 
Repository @ WVU with permission from the rights-holder(s). You are free to use this Thesis in any way that is 
permitted by the copyright and related rights legislation that applies to your use. For other uses you must obtain 
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license 
in the record and/ or on the work itself. This Thesis has been accepted for inclusion in WVU Graduate Theses, 
Dissertations, and Problem Reports collection by an authorized administrator of The Research Repository @ WVU. 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:&*+( <4,+( Y$.&%(?"+$(RM)FP( `"$/&+%*(Rg(:3-,+P(
_(O( _,8+)+"$3( GKOU( OZKG(
_(F( _,8+)+"$3( GKOZ( OOKG(
_(X( _,8+)+"$3( GKF\( FZKG(
[(O( [%*+")&**+%*( GK\X( \KV(
[(F( [%*+")&**+%*( GKVG( ZKG(
[(X( [%*+")&**+%*( GKV\( \KV(
:E(O( :)$33(E+"+%%&$3( OK\X( FKG(
:E(F( :)$33(E+"+%%&$3( OKVV( FKX(
:E(X( :)$33(E+"+%%&$3( OKUV( VKW(
:E(\( :)$33(E+"+%%&$3( FKOF( XKV(
:E(V( :)$33(E+"+%%&$3( FKXO( FKX(
:E(U( :)$33(E+"+%%&$3( FKZV( FKW(
:E(W( :)$33(E+"+%%&$3( XK\X( FKG(
:E(Z( :)$33(E+"+%%&$3( GKZG( FKV(
:E(H( :)$33(E+"+%%&$3( GKZU( UKG(
:E(OG( :)$33(E+"+%%&$3( GKHZ( FKX(
:E(OO( :)$33(E+"+%%&$3( OKGH( FKU(
9E(O( 9+/&0)(E+"+%%&$3( OGKGH( OKW(
9E(F( 9+/&0)(E+"+%%&$3( FGKZW( OKG(
9E(X( 9+/&0)(E+"+%%&$3( XOKHX( GKW(
dE(O( d$"#+(E+"+%%&$3( \OKWW( OK\(
dE(F( d$"#+(E+"+%%&$3( UVKUW( OKG(










































O#B# O68(5(.%'# BP# MQG# BR# B"C# B"# C# C#
O#R# O68(5(.%'# BS# SBG# BP# PQ# M# C# C#
O#"# O68(5(.%'# BS# MRG# RP# B"C# R# BC# "#
T#B# T0,(.5+,,(0,# BU# PQG# R"# P!R# BB# B# B!
T#R# T0,(.5+,,(0,# B"! PBG! BU! !Q"# BM# "# C#
T#"# T0,(.5+,,(0,# BM# MSG# R"# BPC# R# Q# !#
:V#B# :5%''#V(.(00+%'# "! RQG! BB! BBM# R# BB# "#
:V#R# :5%''#V(.(00+%'# BP# SCG# R"# !U# "# B"# "#
:V#"# :5%''#V(.(00+%'# Q# P"G# BR# QR# M# BC# "#
:V#!# :5%''#V(.(00+%'# R! !"G! BB! SR# C# BU# M#
:V#P# :5%''#V(.(00+%'# !# !MG# B# MM# C# BR# R#
:V#M# :5%''#V(.(00+%'# !# P!G# C! !S! B! BU! U!
:V#S# :5%''#V(.(00+%'# "! !QG! M! MR! C! BR! BC!
:V#Q# :5%''#V(.(00+%'# B"! MPG! "R! UB! P! S! R!
:V#U# :5%''#V(.(00+%'# BS! S"G! M"! QR! BB# U# R#
:V#BC# :5%''#V(.(00+%'# B"# MPG# P# MP# P# BR# U#
:V#BB# :5%''#V(.(00+%'# BR# SRG# R"# UM# Q# U# B#
WV#B# W(1+75#V(.(00+%'# !# PSG# "# "U# "# "P# ""#
WV#R# W(1+75#V(.(00+%'# "# !UG# "# RQ# C# !B# !C#
WV#"# W(1+75#V(.(00+%'# P# !!G# B"# PQ# B# PQ# MP#
?V#B# ?%.3(#V(.(00+%'# M# MCG# R# !S# B# MQ# PP#
?V#R# ?%.3(#V(.(00+%'# U# !!G# B# QQ# !# MP# BCC#





" =68'>'.$&"" ?4,'.>+,,'4,"" @>$&&"A'.'44+$&" B'2+7>"A'.'44+$&" C$.:'"A'.'44+$&"
D.$+4$:'"E.'$""
9F>G;" H<IJKH<IL" H<!MKH<(M" H<LHKM<!H" IH<IKMI<N" !I<LKIJ!<!"
O8$44'&"P+2,8""
9>;" I<!"9H<!;" I<L"9H<J;" G<("9H<G;" (<Q"9I<!;" IG<H"9G<G;"
R.$2+'4,""
9S"/&16';" IN<H"9!<N;" (<Q"9I<G;" M<I"9H<!;" I<I"9H<M;" I<I"9H<I;"
TU*E"@01.'" IM!"9(;" IIQ"9IH;" IIG"9N;" NN"9Q;" IHN"9II;"
CPD"6'.">','." IQ"9!;" GG"9I;" IQ"9J;" J"9M;" !"9G;"
OU"13"D'6,8"
9S;" IMH<G"9H;" MNI<Q"9IGI<N;" Q(<!"9GH<J;" !I<I"9L<J;" JG<Q"9IG<Q;"
B'$4"2+/,$40'",1"
T','4,+-'"V'$,7.'"9>;" IM<G"9M<J;" Q<Q"9G<Q;" IQ<H"9M<N;" (L<H"9MN<N;" IQ<("9L<G;"
O$4165"O1-'."
9S;" N!"9H<L;" LN"9I<I;" QL"9!<M;" (("9II<L;" !L"9II<G;"
E-'.$:'"#'>6'.$,7.'"
9WO;" IG<LG"9H<!IG;" IM<JH"9H<QN;" IG<IN"9H<QL;" I!<(!"9H<IL;" I!<QJ"9H<H!;"
E-'.$:'"B+4+>7>"
#'>6'.$,7.'"9WO;" K(<HG"9M<(;" KH<LJ"9I<N;" H<NJ"9H<(;" H<NJ"9H<(;" KI<I("9I<I;"
E-'.$:'"B$X+>7>"
#'>6'.$,7.'"9WO;" GQ<NN"9H<MI;" MM<LN"9(<HH;" G!<(I"9H<!N;" GQ<MH"9H<MI;" G!<!Q"9H<I!;"







## ?6:(3(-%'# @04(-3144(04# A3%''#B(-(001%'#
C(71>3#
B(-(001%'# D%-.(#B(-(001%'#
!"#$%&#'()*#+',$%-./)$0' # # # # #
####E%''#FGGH#I3J)#9((K5L# M<N#IM<NL# G<G#IG<GL# O<"#IN<PL# !N<P#ING<NL# ))<G#IN"<NL#
####A6-10.#FGGP#I3J)#9((K5L# )<G#I)<GL# )<H#I"<GL# NH<M#IN<!L# "!<H#I"<)L# NNH<G#IMN<FL#
####A>33(-#FGGP#I3J)#9((K5L# N<N#IN<NL# "<G#IF<)L# O<)#IN<ML# MH<P#I)<"L# H!<G#INF<"L#
####+''#A(%5/05#I3J)#9((K5L# M<!#IM<!L# M<O#IN<FL# NF<N#IN<NL# !!<H#I)<OL# P"<H#INO<FL#
# # # # # #
!"#$%&#'1#%2',$%-./)$0' # # # # #
####E%''#FGGH#I3J)#9((K5L# G<G#IG<GL# G<G#IG<GL# G<M#IG<NL# NM<H#IN<PL# !P<O#IN"<"L#
####A6-10.#FGGP#I3J)#9((K5L# N<H#IN<HL# F<"#IN<OL# )<!#IN<ML# !"<O#IP<OL# NG"<!#IM)<)L#
####A>33(-#FGGP#I3J)#9((K5L# G<G#IG<GL# G<G#IG<GL# G<F#IG<NL# O<!#I!<FL# NO<M#IP<PL#







?3:(2(-%'# @76(-2566(76# A2%''#B(-(775%'# C(/5=2#B(-(775%'# D%-.(#B(-(775%'#
!"#$%&#'(#)*+,*-./.*0'1&234' # # # # #
###E%''#FGG)# G;GGF!#HG;GGGIJ# G;GG!"#HG;GGKGJ# G;GGFL#HG;GGGMJ# G;GG!!#HG;GGGIJ# G;GGN!#HG;GGF!J#
###A3-57.#FGGM# G;GGFG#HG;GGK!J# G;GGI)#HG;GGI!J# G;GGIN#HG;GGGIJ# G;GGMN#HG;GG"MJ# G;GGII#HG;GGK"J#
###A=22(-#FGGM# G;GGFL#HG;GGKGJ# G;GGF!#HG;GGK"J# G;GGNK#HG;GGKGJ# G;GG"I#HG;GGK"J# G;GG)N#HG;GGFLJ#
###O,(-%''# G;GG!!#HG;GGGFJ# G;GG!F#HG;GGG"J# G;GGIL#HG;GGGIJ# G;GG!L#HG;GGGKJ# G;GG!N#HG;GGKNJ#
' # # # # #
5$*)#--.0&'%6.7./8' # # # # #
###E%''#FGG)# G;GGKK#HG;GGGFJ# G;GGKG#HG;GGGKJ# G;GGGI#HG;GGGKJ# K;L#?P"#HN;M#?P)J# F;G#?P"#HN;I#?P)J#
###A3-57.#FGGM# G;GGGL#HG;GGG"J# G;GGGF#HG;GGGKJ# G;GGGK#HG;GGGGJ# F;)#?P"#HF;G#?P"J# M;K#?P)#H!;I#?P)J#






























LM# L# N>NN!O# PD# DO>!# P!>D# O>O# N>D# DQ>Q# M>Q#
LO# L# N>NN!Q# !Q# DM>O# MR>M# D>!# N>D# O!>O# M>N#
SM# S# N>NN!)# "M# DO>)# !R>!# M>O# M>O# D">O# O>O#
SO# S# N>NNMQ# Q)Q# D!>!# !N>)# D>!# N>D# O!>M# P>O#
ATDN# AT# N>NNMN# QN# D!>"# MD>!# N>P# N>D# DQ>M# O>R#
AT)# AT# N>NN!"# "D# DN>"# P">O# D>"# N>D# !>D# O>O#
ATDD# AT# N>NN!D# "!)# DN>)# !M>N# N>P# N>D# DP>O# O>!#
ATR# AT# N>NNMO# QP!# DD>!# PO>P# D>O# N>D# M>Q# O>M#
ITM# IT# N>NNPN# P)D# D!>!# !M>N# D>P# N>D# DP>O# M>"#
ITO# IT# N>NN!)# QPD# D!>"# !)>"# O>)# N>D# D)>D# !>!#
UTO# UT# N>NNMN# R)N# D!>)# !)>P# O>M# N>D# DQ>!# M>!#
















JK# E<EEDF# E<EEEL# E<EEK)# E<EE!L# E<EE@K# E<EEEK# E<EE@)#
JD# E<EED@# E<EEKK# E<EE@)# E<EE!D# E<EEE)# E<EE@!# E<EEE"#
MK# E<EEKL# E<EEEK# E<EEE"# E<EEKL# E<EE@@# E<EEE@# E<EEE@#
MD# E<EENL# E<EEF@# E<EE!E# E<EE!"# E<EEE)# E<EEED# E<EEE!#
+B@E# E<EEFF# E<EE!)# E<E@EK# E<EELE# E<EEEE# E<EEEE# E<EEEE#
+B"# E<EEKE# E<EE@F# E<EE!L# E<EEKE# E<EEEE# E<EEEE# E<EEEE#
+B@@# E<EE!F# E<EE@F# E<EE!F# E<EE!"# E<EEEE# E<EEEE# E<EEEE#
+B)# E<EE!E# E<E@ND# E<EEF)# E<EENE# E<EEEE# E<EEEE# E<EEEE#
OBK# E<EEK"# E<EED"# E<EELK# E<EEKE# E<EEEE# E<EEEE# E<EEED#
OBD# E<EE!"# E<EEKE# E<EE!!# E<EE!@# E<EEEL# E<EEE@# E<EEED#
PBD# E<EE@"# E<EEK)# E<EEKF# E<EE!F# E<EEE@# E<EEE@# E<EEEF#







C%.0%&'(# ,-..('%/0-1# 6B# D0510B#E.-&#
,-(BB070(1/#-B#C%.0%/0-1#-B#$(89(.%/>.(# ;*@*!FG# ))# *@HHGH#
I%J08>8#$(89(.%/>.(#:K,<# *@G*"G# ))# *@GLF"#
I0108>8#$(89(.%/>.(#:K,<# *@*))!# ))# *@"FL*#
M4(.%5(#$(89(.%/>.(#:K,<# *@LL**# ))# *@!"L*#
,-16>7/040/?#:NDO78<# ;*@*F)*# ))# *@HLPQ#
I%J08>8#R%0'?#$(89(.%/>.(#,-(BB070(1/#-B#
C%.0%/0-1# *@LGL)# ))# *@!PF"#
I%J08>8#$(89(.%/>.(#R%0'?#S%15(#:K,<# *@*)"G# ))# *@"QL!#
I(%1#R%0'?#$(89(.%/>.(#,-(BB070(1/#-B#C%.0%/0-1#
:K,<# *@)"LL# ))# *@Q!"Q#
I(%1#R%0'?#$(89(.%/>.(#S%15(#:K,<# *@L*L!# ))# *@QLHL#
T4(.%''#U#7-''(7/-.#5%/A(.(.# ;*@GQ)L# ))# *@LPL"#
T4(.%''#U#-/A(.# *@G!GQ# ))# *@LF!!#
T4(.%''#U#9.(6%/-.# ;*@*L*"# ))# *@"!HP#











+@#,=#G(6.>#HIJ# "<!KLL#H"<MNOLJ# ?"<!PQ"#H"<"M!MJ# "<K"LM#H"<!!)"J#
F%-;(#R,,:8#G(&-/1#6(-#5# "<QPL!#H"<KK!OJ# ?"<QKMN#H"<)"PKJ# "<KLKQ#H"<QQ"KJ#
E(%0#:/1.%04(#.,#-(.(0./9(#=(%.3-(#H5J# ?"<K)!"#H"<!QKMJ# "<K""N#H"<MPNKJ# ?"<QMQ)#H"<Q"M"J#
D-/04/6'(#+,56,0(0.#)# ?"<!M)"#H"<MOLMJ# ?"<!M"L#H"<"QN!J# "<NNOO#H"<)QNQJ#
S(.(0./9(#T(%.3-(1#6(-#5# ?"<"P!O#H"<OON!J# ?"<QLQL#H"<"NM!J# "<"QNP#H"<LK""J#
S(.(0./9(#C4,-(# ?"<MQKO#H"<NQ)NJ# ?"<!PN"#H"<"MQNJ# "<L)!)#H"<")"!J#












+@#,<#G(6.>#HIJ# ?K=KKLK#HK=MNM!J# ?K=OOPM#HK=KMOMJ# K=O"QP#HK=O"!KJ#
F%-;(#R,,:8#G(&-/1#6(-#5# K=QLQ)#HK=OPP)J# ?K=OKQP#HK="Q!LJ# K=QLNK#HK=OPKKJ#
E(%0#:/1.%04(#.,#-(.(0./9(#<(%.3-(#H5J# K=K"M"#HK=ML"QJ# ?K=")Q)#HK=PP"LJ# ?K=OQ!L#HK=QNLNJ#
D-/04/6'(#+,56,0(0.#"# ?K=!)P)#HK=)NQPJ# ?K=Q!KK#HK="OMOJ# K=PPMK#HK="OP)J#
S(.(0./9(#T(%.3-(1#6(-#5# ?K=OLMN#HK=QQ!PJ# ?K=QLQQ#HK="LK!J# K="NMK#HK=L"MMJ#
S(.(0./9(#C4,-(# K=)LNK#HK=!MQLJ# ?K=O"K!#HK=")N!J# K=M!))#HK=KKQOJ#










$(16# D3./6%.(# I"# 0J>%'-(#
F5.(1:(0.# K@"!# # L@LM#
<1/5:/0'(#=46045(5.#)# J*@"*# L@*N"N# L@")#
,47('# # L@*N"N# L@")#
G6%''#<(1(55/%'#G/.(3+#H49('3#
$(16# D3./6%.(# I"# 0J>%'-(#
F5.(1:(0.# ))@OO# # PL@LL)#
<1/5:/0'(#=46045(5.#)# J)@*L# L@*N""# L@L!Q#
,47('# # L@*N""# L@L!Q#
,(7/-6#%57#R%12(#<(1(55/%'#G/.(3+#H49('3#
$(16# D3./6%.(# I"# 0J>%'-(#
F5.(1:(0.# K)@NS# # L@L)#
<1/5:/0'(#=46045(5.#)# )M@KO# L@SSO*# L@)!#









$(16# @3./6%.(# GH# 0I=%'-(#
C5.(19(0.# )?JK# # L?LK#
;1/59/0'(#<46045(5.#)# IL?M*# L?"JJK# L?)K#
,47('# # L?"JJK# L?)K#
D6%''#;(1(55/%'#D/.(3+#E1./8/9/%'#F(%=(3#
$(16# @3./6%.(# GH# 0I=%'-(#
C5.(19(0.# H?)J# # L?LL)#
;1/59/0'(#<46045(5.#)# IL?*!# L?H)N*# L?)!#
,47('# # L?H)N*# L?)!#
,(7/-6#%57#F%12(#;(1(55/%'#D/.(3+#F(%=(3#
$(16# @3./6%.(# GH# 0I=%'-(#
C5.(19(0.# N!?HK# # L?LH#
;1/59/0'(#<46045(5.#)# )M?K*# L?**MN# L?)!#







$(05# C2-.5%-(# DE# /F=%',(#
G%''#EHHI#
J4-(08(/-# H?HHHI# # H?E!#
<346,8-.=.-9# FI?"#CFI# H?"EHK# H?"I#
;0.48./'(#<35/34(4-#)# H?HHHE# H?EK!H# H?HK#
+36('# # H?!E)I# H?HI#
L/0.41#EHHK#
J4-(08(/-# H?HHHM# # H?H!#
<346,8-.=.-9# F"?I#CFI# H?)N"E# H?)!#
+36('# # H?)N"E# H?)!#
L,55(0#EHHK#
J4-(08(/-# H?HHHI# # H?H)#
<346,8-.=.-9# FK?M#CFI# H?MHMN# H?HO#

















































J.A#,8# D@DDD)# )B))# F#
K.=(-%4(#,8# D@DDDL# LB))# H*#






J.A#,8# D@DDD)# )B!# HD#
K.=(-%4(#,8# D@DDDL# )B)@"*# "D#













































































































































































































































































































































































































































































































































































































































































































































































































<)# J=!K# D="# D=D# KL#
<D# J=KJ# D=M# "# KM#
<"# )=J!# D=N# )# !J#
<O# J=KN# N# "=)# LL#
89)# J=!K# "="# D# KO#
89D# J=!!# O# )=M# N!#
89"# J=KO# N# "=D# KK#




































G-(:/4.,-# +,--# 0# 6H9%'3(#
I,2('1# # # #
J(.(0./9(#K4,-(# HABL!AM# M# AB)M)N#
JOPQ# HAB@M!"# M# AB@)AR#
Q9(-%F(#S-%:/(0.# HABLM@L# M# AB)!"N#
TUI#6(-#5(.(-# HAB@V!M# M# AB@MR)#
+,(??/4/(0.#,?#O%-/%./,0#,?#I(6.D# HABML"L# M# ABARRV#
J(.(0./9(#W(%.3-(1#6(-#5(.(-# HABRRL@# M# ABN!RR#
X(%0#:/1.%04(#.,#-(.(0./9(#?(%.3-(#;5(.(-1># AB@VL"# M# AB@!RN#
G-/04/6'(#+,56,0(0.#R# HAB@VA)# M# AB@!)M#
T(%9(1# # # #
J(.(0./9(#K4,-(# ABANR)# M# ABM""N#
JOPQ# ABAAAR# M# AB!!!M#
Q9(-%F(#S-%:/(0.# HAB@"!!# M# AB@"NA#
TUI#6(-#5(.(-# HABL!")# M# AB)NV!#
+,(??/4/(0.#,?#O%-/%./,0#,?#I(6.D# HAB@NAV# M# AB@""L#
J(.(0./9(#W(%.3-(1#6(-#5(.(-# HABALR!# M# AB!V!A#
X(%0#:/1.%04(#.,#-(.(0./9(#?(%.3-(#;5(.(-1># HABLV!N# M# ABV@)V#








H-(3/5.,-# +,--# 0# 4I?%'<(#
J,2('1# # # #
K(.(0./?(#L5,-(# IMANO"N# N# MA)9P9#
KEFQ# IMA)"9R# N# MANPOP#
Q?(-%G(#S-%3/(0.# IMA9RT)# N# MAOTR)#
UVJ#4(-#7(.(-# IMAT"R!# N# MARPTT#
+,(@@/5/(0.#,@#E%-/%./,0#,@#J(4.D# IMA!PPR# N# MAM""P#
K(.(0./?(#B(%.<-(1#4(-#7(.(-# IMAT"9R# N# MARPOP#
W(%0#3/1.%05(#.,#-(.(0./?(#@(%.<-(#67(.(-1;# MA9MO"# N# MAO!9O#
H-/05/4'(#+,74,0(0.#T# IMANTT"# N# MA)RRO#
U(%?(1# # # #
K(.(0./?(#L5,-(# MA"TNM# N# MAPR9M#
KEFQ# MA)M""# N# MAN!PO#
Q?(-%G(#S-%3/(0.# IMAPOPT# N# MA"9"!#
UVJ#4(-#7(.(-# MARRNO# N# MATT)"#
+,(@@/5/(0.#,@#E%-/%./,0#,@#J(4.D# IMATTO!# N# MARR9T#
K(.(0./?(#B(%.<-(1#4(-#7(.(-# MA"R)!# N# MAPTNT#
W(%0#3/1.%05(#.,#-(.(0./?(#@(%.<-(#67(.(-1;# IMA"9OO# N# MAPO9"#







C-(:/4.,-# +,--# 0# 6D9%'3(#
E,2('1# # # #
F(.(0./9(#G4,-(# DH?HIJ"# I# H?!K)L#
FMNO# DH?PLHI# I# H?"Q!)#
O9(-%B(#R-%:/(0.# DH?PJKJ# I# H?")IQ#
STE#6(-#5(.(-# DH?K)K"# I# H?HJJI#
+,(@@/4/(0.#,@#M%-/%./,0#,@#E(6.A# DH?"H""# I# H?P!PL#
F(.(0./9(#U(%.3-(1#6(-#5(.(-# DH?HQJ"# I# H?!L)L#
V(%0#:/1.%04(#.,#-(.(0./9(#@(%.3-(#;5(.(-1># DH?HJJQ# I# H?!))J#
C-/04/6'(#+,56,0(0.#P# DH?JKH)# I# H?)I!I#
S(%9(1# # # #
F(.(0./9(#G4,-(# DH?HQIH# I# H?!L)H#
FMNO# DH?)PI"# I# H?J"KL#
O9(-%B(#R-%:/(0.# DH?JH!P# I# H?)!H!#
STE#6(-#5(.(-# DH?)I"Q# I# H?JKPJ#
+,(@@/4/(0.#,@#M%-/%./,0#,@#E(6.A# DH?!)KL# I# H?HJI"#
F(.(0./9(#U(%.3-(1#6(-#5(.(-# DH?I"H!# I# H?KP!P#
V(%0#:/1.%04(#.,#-(.(0./9(#@(%.3-(#;5(.(-1># DH?LQIJ# I# H?QLKQ#






























E?" BFBBGG" BFBBGC" BFBBHC" BFBBIG" BFBBBBJ" BFBBBB?" BFBBB??" BFBBBBK"
EH" BFBBJ?" BFBBJC" BFBBGB" BFBBJJ" BFBBBBC" BFBBBBK" BFBBBKC" BFBBBHJ"
EG" BFBBG?" BFBB?C" BFBBG!" BFBBG(" BFBBBBG" GFBBL>BI" BFBBB?(" BFBBBB("
EJ" BFBBG!" BFBB?G" BFBBHC" BFBB(K" BFBBB??" BFBBB?B" BFBBBII" BFBBBH!"
MA?" BFBBJJ" BFBBJG" BFBBHC" BFBBI?" BFBB?H!" JFBBL>BI" BFBBBB!" BFBBBJI"
MAH" BFBBK(" BFBBGG" BFBBGJ" BFB?BK" BFBBBJB" BFBBB?C" BFBBBIC" BFBBBJH"
MAG" BFBBJB" BFBBJB" BFBBJH" BFBBG(" BFBBBI?" BFBBBBC" BFBBB?!" BFBBBH!"




















































A!# O"# !P8QF# "8QR# FS8RQ# FRQ8PO# "8!Q#
AF# Q!# !"8QP# "8"!# FQ8!Q# OS8"Q# "8FS#
AS# QPR# !"8QT# !8RQ# FS8TR# !S!8T!# "8"S#
AP# OTP# !!8SO# "8!F# FS8RQ# )!8)F# "8"S#
BC!# TTP# !"8QQ# P8""# FS8F"# PTO8!S# "8"!#
BCF# )FS# !F8FP# "8"!# FS8PR# QQ8PS# "8!O#
BCS# O"F# !"8TP# "8"!# FT8FF# P8)"# "8"T#















$ IBJ!K!L$ IBJ#K!L$ IBJ#K!L$
M1$6(,+$ #A!N$ "ANN$ "AOP$
.<)2&E)$@):57$ !AQ$ "AR!$ "A"!$










W$D72)@@)23$ "AP#$ !AQ$ "A#P$
W$M,(()85,2$X&57)2)23$ "ARL$ !PANSSS$ "AQO$
W$Y2)@&5,23$ "A!L$ QARSS$ "ANV$
M,>@485=<=5-$ "AV!$ RANRS$ C"ARP$
Y2,8)33=>E$&'=(=5-$ "A!N$ #AQO$ "AOL$
S$$$$$:Z"A"R$ SS$$$:Z"A"!$ SSS$:Z"A""!$
!"#$
$
$
%&'()*$!+$,-.*/010&234$25$627$8199*:$5&994$155*/0$;*/2<.24&0&23$13;$2)'13&/$<100*)$
0)134.2)0$&3$4<199$6*1;710*)$40)*1<4=$
!"#$
$
$
$
%&'()*$+,$-./'*$01$2*304506&7&0/$8.9(*6$10)$8.99*:$1&99$./2$30/7)09$6&7*6$6*5.).7*2$;:$
6*.60/<$$=>*)*$?.6$/0$6&'/&1&3./7$2&11*)*/3*$&/$2*304506&7&0/$8.9(*6$;*7?**/$8.99*:$
1&99$./2$30/7)09$6&7*6<$$$
!"#$
$
$
%&'()*$+,$-.*)/'*$012*3$4)/5671)4$0&64/58*$91)$*/8:$6*/615;$$<:*)*$2/6$51$
6&'5&9&8/54$0&99*)*58*$=*42**5$./33*>$9&33$/50$8154)13$6&4*6;$$$
!"#$
$
$
$
$
%&'()*$+,$-./&0$1&2(.3$4.5&6.6$722*228*96$:;<)*2$=<)$*.;>$26)*.8$6?/*@$$1.33*?$=&33$
2&6*2$>.0$.$A&0*)$).9'*$<=$>.5&6.6$;<90&6&<92@$$$
!"#$
$
$
%&'()*$+,$-./'*$01$)*2*/2&3*$450)*4$10)$50/2)06$./7$3.66*8$1&66$4&2*49$$:.66*8$1&66$4&2*4$
;.7$.$<&7*)$)./'*$01$;.=&2.2$50/7&2&0/49$$$
!"#$
$
!
%&'()*$+,$-./'*$01$2.3(*4$10)$56*$70*11&7&*/5$01$2.)&.5&0/$01$8.5*)$3*2*3$&/$70/5)03$./9$
2.33*:$1&33$4&5*4;$$<%$!$8.4$/05$&/73(9*9$&/$56&4$').=6;$<%$!$8.4$)*>02*9$1)0>$
45.5&45&7.3$./.3:4&4$?*7.(4*$56*$4&5*$8.4$=3.7*9$.?02*$56*$2.33*:$1&33@4$4*9&>*/5$=0/9$
).56*)$56./$?*308$&5$.4$.5$.33$056*)$2.33*:$1&33$4&5*4;$$A6*$2.33*:$1&33$.5$<%$!$8.4$.340$
.==)0B&>.5*3:$C"$:*.)4$039$./9$.33$056*)$2.33*:$1&334$8*)*$.==)0B&>.5*3:$!"$:*.)4$
039;$
!"#$
$
$
%&'()*$+,$-*./01.2$34$5.6*)$2*7*2$5&680(6$4%!9$4%$!$5./$)*:07*;$<)0:$/6.6&/6&=.2$
.1.2>/&/$?*=.(/*$68*$/&6*$5./$@2.=*;$.?07*$68*$7.22*>$<&22A/$/*;&:*16$@01;$).68*)$
68.1$?*205$&6$./$.6$.22$068*)$7.22*>$<&22$/&6*/9$$B8*$7.22*>$<&22$.6$4%$!$5./$.2/0$
.@@)0C&:.6*2>$D"$>*.)/$02;$.1;$.22$068*)$7.22*>$<&22/$5*)*$.@@)0C&:.6*2>$!"$>*.)/$
02;9$
!!"#
#
#
!
$%&'()#*+#,)-./0-1#2(/3)..%0&#-4%1%56#7/(#3/05(/1#-08#9-11)6#7%11#.%5).:##;<)()#=-.#0/#
.%&0%7%3-05#8%77)()03)#%0#2(/3)..%0&#-4%1%56#4)5=))0#9-11)6#7%11#-08#3/05(/1#.%5).:##
!!!"
"
"
#$%&'(")*"+,-."/012"13"4$2(4"$5"6"7$8(54$1590"4/9:(;"",9:'1$5<('2(='92("7929">94"
&4(7"21":'(92("2?$4"/012;"".$2(4">$2?"4$8$09'"89:'1$5<('2(='92("7929"3'18"0(93"/9:@4"
/012":014('"21%(2?(';"
!!"#
#
#
#
#
$%&'()#!*+#,-)(.&)#/)012314%5%16#.6/#016/'05%-%57#%6#8#0165(19#4%5)4#.6/#8#4%5)4#
:)91;#-.99)7#<%994=##>?)()#%4#.#49%&?5#314%5%-)#()9.5%164?%3#:)5;))6#/)012314%5%16#.6/#
016/'05%-%57=###
!!"#
#
!""#$%&'()*(+,-.#%/,#(%#0#1-"#%(2$%(/3#%(4-(5&0#(#2.6(34,#27(2(,#4#$4&0#(
3.-,#(
$%&%'&()%'%**#(*#+,*%-#.'#&/.#*%0,1,&%#0,1&*2#,+(.&(3#1%&%'&()%'%**#,'-#
+(.&(3#1%&%'&()%'%**4##56%#*&1%,7#*6.89-#+%#*3.1%-#.'#6./#/%99#(&#/(99#1%&,('#.1:,'(3#
7,&&%1#;*7,99#*&(3<*#,'-#9%,)%*=#,>&%1#/,9<(':#&6%#%'&(1%#1%,364##56%#(70.1&,'&#&6(':#
&.#1%7%7+%1#(*#&.#*3.1%#*&1%,7*#+,*%-#.'#/6,&#/.89-#+%#(-%,9#>.1#&6,&#0,1&(389,1#
*&1%,7?*#+,*('#,1%,4##@.1#%A,709%B#,#*7,99#6%,-/,&%1#*&1%,7#/(99#+%#('6%1%'&9C#7.1%#
1%&%'&()%#&6,'#,#"1-#.1#D&6#.1-%1#*&1%,74##56%#9,1:%1#*&1%,7#*6.89-'?&#*3.1%#9./%1#
&6,'#&6%#6%,-/,&%1#*&1%,7#E8*&#+,*%-#.'#*(F%#,9.'%4##G>#+.&6#*&1%,7*#/%1%#.0&(7,9#
>.1#&6%(1#*(F%B#&6%C#/.89-#+.&6#1%3%()%#&6%#*,7%#*3.1%4#
H%,-/,&%1#*&1%,7*#&%'-#&.#6,)%#7.1%#IJK#,'-#7.1%#+.89-%1*#&.#3,&36#
.1:,'(3#7,&&%14##L9*.B#/,&%1#9%)%9*#,1%#9./%1#*.#7.1%#.1:,'(3#7,&&%1#(*#1%&,('%-4###L'#
(-%,9#6%,-/,&%1#*&1%,7#/(99#6,)%#7,'C#IJK#0..9*#,'-#1(>>9%*#/(&6#1.3<*#,'-#
+.89-%1*#01.&18-(':#,+.)%#&6%#/,&%1#*81>,3%4##M.89-%1*B#*6,10#+%'-*B#IJKB#0..9*B#
,'-#1..&#/,-*#,1%#(-%,9#>.1#1%&,('(':#.1:,'(3#7,&&%14###56%*%#>%,&81%*#,1%#,9*.#
(70.1&,'&#('#9,1:%1#*&1%,7*B#+8&#('#,#9,1:%#*&1%,7B#&6%C#/(99#+%#7.1%#*0,3%-#.8&4##
N&1%,7*#/(&6#:..-#>(*6#3.)%1#/(99#8*8,99C#:%&#,#6(:6#1%&%'&()%'%**#*3.1%4##H,)(':#,#
:..-#)%9.3(&C#-%0&6#1%:(7%#(*#(70.1&,'&#('#,#9,1:%#*&1%,7#+%3,8*%#0..9*#1%&,('#9.&*#
.>#.1:,'(3#7,&&%14##L9*.#+.89-%1*#&6,&#01.&18-%#,+.)%#&6%#*81>,3%B#8'-%138&#+,'<*B#
,'-#IJK#&6,&#*0,'*#&6%#%'&(1%#/(-&6#.>#&6%#36,''%9#7,<%#%A3%99%'&#1%&%'&()%#
>%,&81%*4##$%&%'&()%#>%,&81%*#('#9,1:%1#*&1%,7*#,9*.#'%%-#&.#+%#9,1:%1#&6,'#.'%*#('#
6%,-/,&%1#*&1%,7*#+%3,8*%#.>#&6%#-(>>%1%'3%#('#-(*36,1:%4#####
$%&%'&()%#>%,&81%*#>,99#('&.#&/.#3,&%:.1(%*2#*7,99#1%&%'&()%#>%,&81%*#,'-#9,1:%#
1%&%'&()%#>%,&81%*4##N7,99#1%&%'&()%#>%,&81%*#('398-%#,#*(':9%#0(%3%#.>#IJKB#,#*(-%#
!!"#
#
$%%&'#(#)*+,-%.#%/#0.1*2+0,#3(.4'#%2#(#)-.5&*#3%0&1*26##78(,#1-),-.50-)8*)#&(25*#
/*(,02*)#/2%9#)9(&&#%.*)#-)#,8(,#&(25*#/*(,02*)#(2*#+($(3&*#%/#2*,(-.-.5#%25(.-+#
9(,,*2#102-.5#(#3(.4/0&&#*:*.,6##;8*)*#<%0&1#-.+&01*#1*32-)#=(9)'#:*2>#&(25*#
3%0&1*2)'#(.1#52%0$)#%/#3%0&1*2)6##?,#-)#-9$%2,(.,'#*)$*+-(&&>#-.#&(25*2#+8(..*&)'#,8(,#
&(25*#2*,*.,-:*#/*(,02*)#3*#$2*)*.,#,82%058%0,#,8*#2*(+86###@*,*.,-:*#/*(,02*)#%/,*.#
+(.#*()-&>#3*#)**.#-.#,8*#A(&&#3*+(0)*#&*(/#$(+4)#<-&&#3*#$2*)*.,#%.#,8*#0$),2*(9#)-1*#
%/#,8*96##
A%2#,8*#$02$%)*#%/#,8-)#8(3-,(,#())*))9*.,'#(#),2*(9#-)#)+%2*1#3()*1#%.#-,)#
(3-%,-+#2*,*.,-:*.*))#(.1#-,)#3-%,-+#2*,*.,-:*.*))6##B3-%,-+#2*,*.,-:*#/*(,02*)#-.+&01*C#
3%0&1*2)'#0.1*2+0,#3(.4)'#(#.(,02(&#9*(.1*2#$(,,*2.'#(.1#)-1*#$%%&)6##D-%,-+#
2*,*.,-:*#/*(,02*)#-.+&01*C#E7F'#2%%,#<(1)'#(.1#%:*28(.5-.5#&-93)6#####
#
!"#$%&'()*$+,'-.#-&/+)
01-&#-,)2$#$/#-&/)
G%%2#H(,*5%2>#IJ'#!'#KL#
• @*(+8#-)#+8(..*&-M*1'#.%#.(,02(&#9*(.1*2#$(,,*2.##
• E(+4#%/#(#2-//&*#$%%&#)*N0*.+*O#!#:*&%+-,>P1*$,8#2*5-9*'#0)0(&&>#)&%<P1**$#%2#
/(),P1**$#Q@#),2*(9#3%,,%9#-)#9%),&>#3*12%+4#
• D%0&1*2)#8(:*#3**.#2*9%:*1#
• R%#0.1*2+0,#3(.4)#%2#)-1*#$%%&)#
• R%#9%2*#,8(.#!#&(25*#2*,*.,-%.#/*(,02*#-.#2*(+8#
S(25-.(&#H(,*5%2>#IT'#"'#UL#
!!"#
#
• $%&'()*+'#,-.(('/*0.&*1(2#34&#(1&#'(&*5'#5'.,-#67#'+*8'(,'#19#5','(&#:.)&#
,-.(('/*0.&*1(#
• ;&5'.<#<1)&/=#81<*(.&'8#3=#54()#.(8#>/*8')?#@#+'/1,*&=A8':&-#5'>*<')#67#.#
/.5>'#:15&*1(#19#&-'#)&5'.<#31&&1<#*)#3'851,B#
• C'D#)*8'#:11/)#D*&-#/'.+')#1(#&-'#31&&1<#
• C'D#:51&548*(>#314/8'5)#15#3'(8)#&1#5'&.*(#/'.+')#
• E1#<15'#&-.(#@#/.5>'#5'&'(&*1(#9'.&45')#*(#5'.,-#
;431:&*<./#F.&'>15=#GH2#I2#JK#
• F-.(('/#)-.:'#<1)&/=#-.)#.#(.&45./#:.&&'5(?#-4<.(#.,&*+*&=#*(#9/118:/.*(#
/.5>'/=#81')#(1&#.99',&#*&#
• L14/8'5)#,.(#3'#)''(#:51&548*(>#.31+'#&-'#)459.,'#19#&-'#D.&'52#34&#&-'=#.5'#
)<.//#.(8#):5'.8#14&M###
• N#19#&-'#O#+'/1,*&=#8':&-#5'>*<')#.5'#:5')'(&#.(8#&-'5'#.5'#5'&'(&*1(#9'.&45')#
*(#9.)&#D.&'5#.5'.)M#P'5=#9'D#.5'.)#19#3'851,B#
• :11/)#D*&-#/'.+')#1(#&-'#31&&1<#.5'#:5')'(&#&-514>-14&#&-'#5'.,-2#34&#&-'=#
<.=#95'Q4'(&/=#>'&#9/4)-'8#14&#
• E1#<15'#&-.(#N#/.5>'#5'&'(&*1(#9'.&45')#*(#5'.,-#
6:&*<./#F.&'>15=#GR2#!SK#
• F-.(('/#-.)#.#(.&45./#<'.(8'5*(>#:.&&'5(#
• T51&548*(>#314/8'5)#,.(#3'#)''(#&-514>-14&#&-'#5'.,-#
• ;&5'.<#-.)#.#(.&45./#+'/1,*&=A8':&-#5'>*<'#
• 7'&'(&*1(#9'.&45')#,.(#3'#5'.8*/=#)''(#*(#9.)&#D.&'5#
!!"#
#
• $%&'#(#)*'+&#'&,&-,./-#0&*,1'&2#.-#'&*34#
• 5//)2#6.,4#)&*%&2#/-#,4&#7/,,/8#3*-#7&#2&&-#,4'/1+4/1,#,4&#'&*34#
• 9&*%&2#*'&#*7)&#,/#7&#'&,*.-&:#/-#7*-;2#.-#7&-:2#
!"#$"%&'($()$"#)&
5//'#<*,&+/'=#>?@#!@#AB#
• $7%./12#)*3;#/0#9CD#*-:#E//)2#0/'8&:#7=#9CDF#!#/'#)&22#
• G/#'//,#6*:2#,4*,#3*-#'&,*.-#)&*%&2#
• H&'=#0&6#)&*0#E*3;2#2&&-#.-#'&*34#
• G/#:&7'.2#I*82#.-#'&*34#
• G/#/%&'4*-+.-+#%&+&,*,./-#3*E*7)&#/0#'&,*.-.-+#)&*%&2#
J*'+.-*)#<*,&+/'=#>(@#K@#LB#
• M&6#E.&3&2#/0#9CD@#'//,#6*:2@#*-:#9CD#E//)2#
• H&'=#0&6#:&7'.2#I*82#*-:#)&*0#E*3;2#.-#'&*34#
• !#/'#A#E.&3&2#/0#/%&'4*-+.-+#%&+&,*,./-#3*E*7)&#/0#'&,*.-.-+#)&*%&2#8*=#7&#
E'&2&-,#
• 5//'#3*,&+/'=#6.))#24/6#*)8/2,#-/#7./,.3#'&,&-,./-#0&*,1'&2F#8*'+.-*)#
3*,&+/'=#6.))#4*%&#*#0&6#0&*,1'&2@#71,#8/2,#4*%&#7&&-#'&8/%&:#
N17/E,.8*)#<*,&+/'=#>"@#O@#PB#
• 9CD#.2#E'&2&-,#.-#,4&#'&*34@#71,#2/8&#E.&3&2#8*=#28*))@#1-2,*7)&@#/'#-/,#2E*-#
&-,.'&#6.:,4#/0#,4&#34*--&)#
• Q//,#6*:2#*-:#/%&'4*-+.-+#%&+&,*,./-#*'&#E'&2&-,#.-#,4&#'&*34#
• 9&*0#E*3;2#*-:#:&7'.2#I*82#3*-#*)2/#7&#0/1-:#.-#,4&#'&*34#
!!"#
#
$%&'()*#+)&,-./0#123#!45#
• 678#'9#%/,9,:&#&;/.<-;.<&#&;,#/,)=;#):>#'&#?./(9#%..*9#):>#'9#9&)@*,#
• $A,/;):-':-#*'(@9#=.:&/'@<&,#&.#/,&)':':-#*,)A,9#):>#9&'=B9#
• C..&#D)>9#=/,)&,#)/,)9#D;,/,#*,)A,9#=):#@,#/,&)':,>#
• 8,@/'9#E)(9#):>#*,)?#%)=B9#=):#@,#?.<:>#&;/.<-;.<&#&;,#/,)=;#):>#9.(,#
>,@/'9#E)(9#9%):#&;,#,:&'/,#D'>&;#.?#&;,#9&/,)(#
#
